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鹭 Ardea cinerea、草鹭 A. purpurea、白鹭 Egretta garzetta、黄嘴白鹭 E. 
eulophotes 、岩鹭 E. sacra、大白鹭 E.alba、中白鹭 E. intermedia、牛背鹭 
Bubulcus ibis、池鹭 Ardeola bacchus、绿鹭 Butorides striatus、夜鹭 Nycticorax 
nycticorax、黑冠鳽 Gorsachius melanolophus、海南鳽 G. magnificus、大麻鳽 







实验测得的序列长度分别为 Fib 基因 1000 bp、myo基因 700 bp、RAG基因
1080 bp、c-myc基因 500 bp、c-mos基因 610 bp左右。序列比对结果显示 Fib、
myo、RAG、c-mos及 c-myc基因的变异位点分别为 259、154、125、84和 40

























摘  要 
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Abstract 
This study investigated the molecular phylogeny among 18 species of Ardeidae 
(Aves: Ciconiiformes) (Grey Heron Ardea cinerea, Purple Heron A. purpurea, Little 
Egret Egretta garzetta, Chinese Egret E. eulophotes, Pacific Reef- Egret E. sacra, 
Great Egret E.alba, Intermediate Egret E. intermedia, Cattle Egret Bubulcus ibis, 
Chinese Pond-Heron Ardeola bacchus, Little Heron Butorides striatus, 
Black-crowned Night Heron Nycticorax nycticorax, Malayan Night Heron Gorsachius 
melanolophus, Chinese Night Heron G. magnificus, Eurasian Bittern Botaurus 
stellaris, Yellow Bittern Ixobrychus sinensis, Black Bittern I. flavicollis, Schrenck’s 
Little Bittern I. eurhythmus, Cinnamon Bittern I. cinnamomeus) based on analysis of 
the sequences of five nuclear genes—β-Fibrinogen intron 7 (Fib), myoglobin intron II 
(myo), Rhodopsin intron 1 (RAG), oncogene (c-mos) and proto-oncogene (c-myc) 
whereas the Whale-headed Stork Balaeniceps rex was selected as the out-group with 
the related sequences obtained from GenBank. The phylogenetic trees of the 
independent and combined analysis of the five nuclear genes were reconstructed 
following different methods. The phylogenic relationship among this 18 Ardeidaes 
was discussed. These data provided some nuclear evidence for the taxonomy of these 
species. 
The length of the sequences obtained in this study were about: Fib1000 bp, myo 
700 bp, RAG 1080 bp, c-mos 500 bp and c-myc 610 bp. The results of alignment of 
sequences indicated that the variable sites of Fib, myo, RAG, c-mos and c-myc were 
259, 154, 125, 84 and 40, respectively, and the parsimony-informative sites were 106, 
65, 39, 38 and 16, respectively.  
Neighbor-joining (NJ), maximum- parsimony (MP), maximum-likelihood (ML) 
and Bayesian (BI) methods were used respectively for the reconstruction of 
phylogenetic tree. The results indicated that the 18 species of herons were grouped 
into two clades. The first clade, representing the botaurinae, contained Schrenck’s 
Little Bittern, Cinnamon Bittern, Black Bittern, Yellow Bittern and Eurasian Bittern. 















Black-crowned Night Heron was parallel evolved with other species of Ardeinae. 
Therefore, this study didn’t support the classification of Black-crowned Night Heron 
in a separate subfamily Nycticracinae from Panye and Pisley. 
The further analysis showed that Little Egret, Chinese Egret, Pacific Reef-Egret 
were close genetically, forming a single clade, which supported the view of 
classifying them into Egretta. Due to the limit of our species samples of Egretta, 
further research should be focused on the phylogenic location of the E. sacra and on 
the analysis of phylogenic relationship of among species in Egretta.  
While the Cattle Egret, Intermediate Egret and Great Egret were close to Ardea, 
which formed a monophyletic with Grey Heron and Purple Heron. The phylogenic 
relationship of Great Egret and Intermediate Egret was close. Different phylogenetic 
trees showed different relationship among Cattle Egret, Grey Heron and Purple 
Heron.  
In addition, Chinese Pond-Heron was sister to Little Heron. However, 
phylogenic relationship among these two species, Egretta and Ardea showed different 
in different phylogenetic trees.  
Malayan Night Heron, Chinese Night Heron and some Ardeinae were parallel 
evolved, showing that it was not undisputed that the relationship between these two 
species was not closer than that between each of them and other Ardeidaes. Therefore, 
the view of Gorsachius being a single genus needed to be further studied.  
The Botaurinae branched into a monophyletic group and then evolved into two 
clades of Botaurus and Ixobrychus, which is highly supposed by all the phylogenetic 
trees in different reconstruction methods. Schrenck’s Little Bittern was closer 
genetically to Cinnamon Bittern. And the phylogetic relationship of the Boraurinae 
needed for further research. This study also supported the location of the Black 
Bittern should be in the genus Ixobrychus. 
  





































































表 1-1 常用的核酸分子系统学方法及其应用范围 
Tab. 1-1 Commonly used methods of nucleic acid molecular systematics and 
their application 
方法 靶分子 检测的变异类型 应用范围 
DNA 杂交
技术 























来源：黄原. “分子系统学—原理, 方法及应用”, 1998. 
 
核酸的分子系统发育研究(表1-1)起始于20世纪70年代，最早的是 (G+C)%
含量测定、基因组 DNA-DNA 杂交等粗略方法。DNA 杂交技术的理论基础是
DNA 变性-复性的动力学原理[10]。该技术在 20世纪 80年代前后曾大规模应用
于系统发育研究，其中最具代表性的是 Sibley和 Ahlquist[11] 的研究工作。他们

















野外手册》。1989年，Krajewski[13]也应用 DNA 杂交技术对现存的 15种鹤进行
了系统发育研究，提出了新的分类体系。虽然 DNA 杂交技术存在许多不足之
处，但是其研究结果还是得到了很多学者的认可，近年来一些学者利用 DNA
序列数据研究的结果也验证了 DNA 杂交技术的有效性[14, 15]。 
70年代后期，随着 Upholt和 David(1977)[16]、Levings和 Pring(1977)[17]、
Shah和 Langley(1979)[18]首先将 mtDNA 的 RFLP技术应用于脊椎和无脊椎动物
群体结构的研究中，RFLP开始应用于分子系统发育研究，并成为整个 80年代














的分子标记之一。微卫星 DNA(microsatellite DNA)又称简单重复序列(Simple 
Sequence Repeats, SSR)，是由 2～5个核苷酸为重复单位组成的长达几十个核苷
酸的重复序列，广泛分布于真核基因组中[27]。较早报道鸟类微卫星 DNA 研究
的是 Khatib和 Soller[28]，他们在 1992年的论文中报道了鸡 MYHE 位点的单核
苷酸重复多态性。同期，Crooijmans等[29]对于鸡的 34个重复单位为(TG)的多态
微卫星标记进行了研究。在后来的几年中，越来越多的学者对鸡的微卫星 DNA




















等[33]对比了芦鹀(Emberiza schoeniclus)两个亚群利用 Cyt b、ND5序列差异的研
究结果和利用四个微卫星 DNA 位点的研究结果，认为不同地理种群在形态上


















为鸻科的一个下属分类单元。Spicer和 Dunipace(2004)[37]用 16S rRNA研究了雀
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